Abstract-A novel interrogation technique for multiplexing LPG-fiber loop mirrors has been proposed and experimentally demonstrated. Each displacement sensor is formed by a fiber loop mirror combined with a long period grating. This high reflectivity variable mirror is suitable to be interrogated by an OTDR and to be multiplexed in a crosstalk free setup with temperature independence.
INTRODUCTION
Sensor systems based in long-period gratings (LPG) have been extensively used for strain, temperature, and refractiveindex sensing. These sensors have high sensitivity and low backreflections and can be implemented with economical signal demodulation schemes [1] . It is known a single LPG bending sensor can be interrogated by an optical time-domain reflectometer (OTDR) [2] . However, despite the very good performance in single-point sensing, LPGs are rarely reported as quasi-distributed sensors. Since an LPG-sensor usually works in transmission mode and occupies several wide lossbands in spectrum, those multiplexing techniques (like wavelength-division multiplexing and time-division multiplexing) well-developed for, e.g., FBG-sensors are not suitable for LPG-sensors. Some authors propose some multiplexing systems based on optical low-coherence reflectometry [3] .
In this work, the authors present a free crosstalk multiplexing sensors setup interrogated by a commercial OTDR. In each sensing head, a fiber loop mirror combined with a LPG is utilized as an intensity displacement transducer, showing temperature independence. All the light is reflected in the fiber loop mirror location and the losses are created when the LPG is subjected to curvature via displacement.
II. METHODOLOGY
Two displacement sensors, based on LPGs, are multiplexed by incorporating them into two fiber loop mirrors (FLMs), which are interrogated by an OTDR. When a FLM is illuminated by an OTDR, a reflection peak is obtained. The reflection peak corresponds to the light which travels inside the loop in direct and opposite direction being all the light reflected at the input arm. When the loop is subjected to loss, the peak reflection value changes. This LPG/FLM sensor works as a variable mirror, where the losses created by the LPG inside the loop induce changes in the mirror parameters and in the reflected amplitude. The loss control is achieved by using a LPG as a displacement intensity sensor. When a displacement is applied to the LPG, attenuation changes and the reflection peak changes accordingly. Since the LPG is used as an intensity sensor, the LPG/FLM sensor system shows good temperature insensitivity. Two LPG-based displacement sensors were multiplexed using the configuration shown in Figure 1 . The experimental set-up consists of an OTDR (EXFO FTB-7423B-B), 2×5 km long SMF28 fiber reels and two LPG/FLM structures. An Figure 3 presents the sensor system behaviour against the applied displacement to LPG1, while no displacement was applied to LPG2 to analysis the configuration crosstalk behavior. The experiment consisted in an initial stretching of the LPG in two points and bring the points together at a displacement of 1500 µm. The sensors presented a polynomial behavior along 1.5 mm of applied displacement.
Also, a temperature test has been made, showing temperature insensitivity, as it is illustrated in Fig. 4 . This behavior is obtained because the temperature only causes a wavelength shift in the LPG transfer function and it does not affect the magnitude of the attenuation peaks of this LPG structure. 
IV. CONCLUSIONS
A two temperature-independent LPG/FLM displacement sensors system was demonstrated. The configuration was interrogated remotely by an OTDR being the sensing loops multiplexed by using just an optical coupler and two fiber delay lines. The advantage of this configuration is to control the loss inside of the loop independently of the losses of the transmission lines. On the other hand, the dynamic range of the intensity sensor depends on the reflection peak created by the fiber loop mirror.
This configuration, presents a simple interrogation system based on an OTDR that can read conventional intensity sensors. In this case, the LPG is read as an intensity displacement sensor. Nevertheless, it can be used as temperature-independent intensity curvature or torsion sensor.
